When polymorphonuclear leukocytes (PMNL) and soluble or particulate matter interact, the cells produce chemiluminescence. Luminol-dependent light emission from PMNL is linked to the myeloperoxidase (MPO)-H202 system. Light emission from a cell-free MPO-H202 system was found to be totally inhibited by human serum albumin (HSA), and since HSA is a large molecular protein that does not readily gain access to intracellular sites of PMNL, it could be used to determine the importance of extra-and intracellular events in PMNL chemiluminescence. In studies with cells from an MPO-deficient patient, we found that HSA inhibited more than 90% of extracellularly produced chemiluminescence. The chemotactic peptide formylmethionylleucyl-phenylalanine induced a two-peak chemiluminescence response in normal PMNL, and addition of HSA reduced the first peak, whereas the second peak was unaffected. This result indicated that the first peak was a result of extracellular reactions and the second peak was a result of intracellular reactions of the MPO-H202 system. Most of the phorbol myristate acetate-induced response in normal PMNL was due to intracellular events. Furthermore, chemiluminescence of intracellular origin seems to be limited not by generation of oxidative metabolites but by diffusion of luminol into the cells.
The generation of chemically reactive molecules, e.g., superoxide anions, hydrogen peroxide, singlet oxygen, and hydroxyl radicals, as a result of respiratory burst activation in polymorphonuclear leukocytes (PMNL) is essential for host defense against microorganisms. Light emission or chemiluminescence of PMNL, a phenomenon related to the respiratory burst activation, was originally described by Allen et al. (2) . It has since been shown that the chemiluminescence response of PMNL is influenced by a number of factors (3, 9, 19) and that addition of 5-amino-2,3-dihydro-1,4-phthalazinedione (luminol) to PMNL can amplify the chemiluminescence response (1, 27) . As a result of luminol addition, the mechanism for light emission of PMNL changes from involving both 02-and myeloperoxidase (MPO) (22) to being totally dependent on the MPO-H202 system (12, 13) . Luminol acts as a bystander substrate for the oxidative species generated during activation of the PMNL, but it is not clear whether the oxidation takes place extracellularly or whether luminol enters the PMNL and becomes oxidized intracellularly (13, 16, 25) . Since catalase, a large-molecular-weight scavenger for H202 that may not have access to intracellular sites, reduces the luminoldependent chemiluminescence by only 50% (25) scribed MPO-deficient patient (9, 24) was separated by the method of B0yum (7). The remaining erythrocytes were removed by hypotonic lysis, and the PMNL were washed twice in Krebs-Ringer phosphate buffer supplemented with 10 mM glucose (KRG; pH 7.2) and suspended in the same buffer.
Reagents. Formylmethionyl-leucyl-phenylalanine (fMLP), phorbol myristate acetate (PMA), and luminol were obtained from the Sigma Chemical Co., St. Louis, Mo. Dimethyl sulfoxide was used to dilute fMLP and PMA to 10-2 M, and water containing NaOH (0.1 M) was used to dissolve luminol to 2 x 10-2 M. The peptide, PMA, and luminol were further diluted in KRG. Human serum albumin (HSA) was The MPO-H202-halide system is known to produce chemiluminescence in the absence of cells (22) . The addition of MPO to KRG containing H202 and luminol resulted in a pro-nounced chemiluminescence (Fig. 1) . Light emission in MPO-H202 systems increased for the first 30 s after MPO addition and then declined. In the presence of HSA, no chemiluminescence was detected in MPO-H202 systems (Fig. 1) . The chemiluminescence was totally depressed by HSA concentrations as low as 0.01% (data not shown).
Effects of HSA on fMLP-and PMA-induced chemiluminescence. The chemiluminescence response of PMNL is dependent on the MPO-H202 system, and since HSA has an inhibitory effect on light emission from the MPO-H202 system in the absence of cells and since HSA is a large molecular protein that may not have access to intracellular sites, the presence of HSA should primarily affect PMNL chemiluminescence generated extracellularly. When PMNL preincubated at 22°C for 60 min were exposed to fMLP, the cells responded and produced chemiluminescence. When the time-course of chemiluminescence emission was studied, an initial peak was found within 2 min, and a second peak was found at ca. 10 min after stimulus addition (Fig. 2) . Also, in the presence of HSA, fMLP induced a two-peak response, but the initial 2-min peak was reduced to ca. 25% of its value in the absence of HSA, whereas the second 10-min peak was unaffected ( Fig. 2) . After the addition of PMA to the PMNL, there was a lag phase before any measurable signals were recorded. The peak activity was reached 20 to 25 min after stimulus addition. In the presence of HSA the initial rate was reduced, but the peak value was not changed (Fig. 3) .
Effect of HSA on light emission from MPO-deficient PMNL in the presence of MPO. When MPO-deficient PMNL were exposed to PMA, almost no chemiluminescence response was observed. Addition of purified MPO to MPO-deficient PMNL before stimulus addition resulted in a chemiluminescence response when the cells were exposed to PMA (Fig.  4) . The presence of HSA resulted in a pronounced reduction of the light emitted (Fig. 4) .
Effect of various concentrations of luminol on fMLP-and PMA-induced chemiluminescence. The intensity of the fMLP- (Fig. 5 ) and PMA-induced (Fig. 6 ) chemiluminescence increased when the luminol concentration was increased. Also, the time-course changed as a result of increased luminol concentration. The peak activity in the PMA-induced response was reached earlier at low luminol concentrations. In the fMLP-induced response, initially both the first and the second peak were increased by increased luminol concentration, but at higher concentrations, a saturation of the first peak value was observed (Fig. 7) . The saturation phenomenon observed for the first peak in the fMLP-induced response was not obtained for the second peak or for the PMA-induced response. DISCUSSION The production of highly reactive molecules in PMNL, e.g., superoxide anions, hydrogen peroxide, singlet oxygen, and hydroxyl radicals, as a result of respiratory burst activation is an essential step in host defense against microorganisms, but it may also function as a basis for modulation of the phagocyte function (4, 5) . The production of these highly reactive molecules can be measured as light emission (chemiluminescence) from PMNL. Usually scavengers, e.g., superoxide dismutase and catalase, or inhibitors, e.g., azide, are used to determine the relative importance of the reactive molecules in the metabolic response (28) , but in chemiluminescence systems, the effects of these substances are difficult to evaluate (11) . Chemilumninescence data obtained with cells from patients with myeloperoxidase deficiences have indicated that the luminol-dependent chemiluminescence is totally dependent on the MPO-H202 system (12, 13, 25) . Most of the cellularly produced H202 has O2-as its precursor and is formed by spontaneous dismutation of O2- (21) , and O2 is also produced by MPO-deficient cells (22) . The presence of MPO in the extracellular fluid is, however, not sufficient to obtain a normal chemiluminescence response from MPO-deficient PMNL (12) , indicating that the reaction leading to luminol-dependent light emission from PMNL takes place both intra-and extracellularly.
In luminol-enhanced chemiluminescence systems, the oxi- dation of luminol generates an excited aminophtalate anion that relaxes to the ground state with the production of light; however, the exact reaction leading to the excited state is not known (13) . In cell-free MPO-H202 systems, we found that HSA in concentrations between 0.01 and 1% totally inhibited light emission (Fig. 1) . Since the light-producing reaction is not defined, the mechanism for inhibition with HSA is unknown. Bulk movement of extracellular fluid (pinocytosis) into PMNL does not occur to any appreciable extent (8, 10) , and since human PMNL lack receptors for HSA (29) , this large molecular protein does not readily gain access to intracellular sites of PMNL, indicating that HSA could possibly be used to determine the importance of extraand intracellular events in PMNL luminol-dependent chemiluminescence. When PMNL were exposed to fMLP, the cells responded and produced chemiluminescence. When the time-course of chemiluminescence emission was studied, an initial peak was found within 2 min and a second peak was found at ca. 10 min after stimulus addition (Fig. 2) . The addition of HSA had a pronounced effect on the response in that the initial peak of chemiluminescence was reduced, whereas the second peak was unaffected (Fig. 2) , indicating that the initial peak is a result of extracellular and the second peak is a result of intracellular reactions of the MPO-H202 system. This is further supported by earlier findings with catalase, another large-molecular-weight protein that was found to reduce the first peak of chemiluminescence, whereas the second peak was either unaffected or even increased (11) , and those with MPO-deficient PMNL in the presence of MPO, in which only an initial peak of chemiluminescence was observed (12) . The second peak could be a result of endocytosis of the peptide. On interaction between PMNL and chemotactic peptides, the peptides are internalized by endocytosis (18, 20, 23, 26) , and it is possible that luminol may enter the cells and become oxidized intracellularly, being unable to gain access to the extracellular environment. This agrees with the recently published results of Bender and van Epps (6) .
After addition of PMA to the PMNL there was a lag phase before any measurable signals were recorded. The length of the lag phase in a PMA response has been shown to depend on the concentration of the stimulus (14) . The peak activity as a response to PMA was reached after 20 to 25 min. The peak activity was unaffected by addition of protein but the initial rate was decreased, indicating that extracellular reactions of the MPO-H202 system are of importance early in the reaction between PMNL and PMA, whereas intracellular reactions predominate later on in the response. The experiments have been repeated four times with essentially the same result. In chemiluminescence systems without luminol, nonspecific augmentation of light emission as a result of protein addition has been described (15, 22) . Oxidation of the added protein contributes directly to the chemiluminescence generated, a phenomenon not observed in PMNL chemiluminescence in luminol-containing systems (16, 25) .
To further analyze the effects of HSA on PMNL chemiluminescence response, we investigated the effect of HSA on the response of PMNL from an MPO-deficient donor. The observation that MPO-deficient PMNL required addition of MPO in the extracellular fluid to produce chemiluminescence, despite a pronounced production of 02-(12), indicates that the chemiluminescence of these cells in the presence of purified MPO has an extracellular origin. Furthermore, in the response to PMA of PMNL from the MPOdeficient donor (in the presence of MPO), the peak activity was reached much earlier than in the response of normal PMNL (5 to 10 min compared with 25 to 30 min). This further supports the conclusion that extracellular reactions are of importance early in the PMA-induced response. The presence of HSA resulted in a pronounced decrease in the light emitted from MPO-deficient PMNL with added MPO. From the peak values of the response obtained in the absence and in the presence of HSA, it could be calculated that the extracellularly generated chemiluminescence was reduced by more than 90% in the presence of HSA.
The fact that increased concentrations of luminol primarily enhanced the second peak of the fMLP and the PMA response indicates that the intracellularly generated chemiluminescence may be limited by the diffusion of luminol into the cell. However, the ratio of luminol/H202 may also directly affect the time-course of the light emitted from a cell-free peroxidase-H202-luminol system (17) .
In conclusion, measurement of luminol-enhanced chemiluminescence could be a valuable and simple tool in studying metabolic activity in inflammatory cells. However, in measuring chemiluminescence, caution must be taken when interpreting the cellular response to different agents since many factors, such as stimulus, amount of MPO, release of MPO, and production of H202, together determine both the magnitude and the time-course of the response. Furthermore, since luminol seems to diffuse into phagocytic cells, this diffusion may create a problem in quantitative measurements of chemiluminescence in that the reaction may be limited not by generation of oxidative metabolities but by the diffusion of luminol into the cells.
